N the numerous studies of experimental renal hypertension which have appeared since the first report by Goldblatt in 1934,1) interest has been directed toward the mechanism of the occurrence of hypertension as well as its sustaining factor. Few studies have been focussed on cerebral hemorrhage in experimental hypertension, although vascular lesions in experimental hypertension have been extensively studied. In several investigations of cerebral hemorrhage in experimental hypertension and in human necropsies, in Japan2)-4) as well as in the western countries,5),11) fibrinoid necrosis of the small arteries and arterioles in the brain was considered to be the primary vascular lesion which caused the cerebral hemorrhage.
This study was conducted to elucidate the pathogenesis of cerebral hemorrhage related to hypertension and of the fibrinoid necrosis of small arteries and arterioles.
METHODS
Renal hypertension was produced in rabbits (weighing about 2Kg.) by a modification of Goldblatt's method. By applying a silver clamp shown in Fig. 1 , narrowing of the main renal arteries was produced on one side, and then 2 or The clamp for the narrowing of the renal arteries.
3 weeks later on the other side. In the first group of experiments, a clamp with a luminal diameter of 0.7-0.8mm. was used on one side and then clamps of 0.9-1.0mm. on the other side. In the second group, a clamp with a luminal diameter of 0.8mm. was used on one side and then clamps of 1.0-1.1mm. on the other side. In the third group, one kidney was extirpated in the first procedure and then the renal artery of the other side was narrowed by a clamp with a luminal diameter of 1.1mm. All animals were autopsied after spontaneous death. The organs and vascular system in the whole body were examined macroscopically and histologically by hematoxylin-eosin, Azan and elastica trichrom stains.
RESULTS
(1) Incidence of cerebral hemorrhages (Table I) In the experiments of the first group with moderate narrowing of the renal arteries, cerebral hemorrhages were observed in 14 of 28 animals (50%). In the experiments of the second group with a lesser degree of narrowing of the renal arteries, cerebral hemorrhages were observed in 13 cases of 36 animals (36.2%). In the experiments of the third group with renal extirpation on one side and narrowing of the renal artery on the other side, cerebral hemor- rhages were observed in 4 of 10 cases. To sum up these 3 groups of experiments, the incidence of cerebral hemorrhages was 41.9% or 31 out of 74 animals. Spotty bleedings were not considered as cerebral hemorrhages. Fig. 2 shows one of the experiments, with a massive hemorrhage in the cerebral parenchyma penetrating into the ventricle. The animal died 35 days after the application of the clamp on the renal arteries. The blood pressure was 210mm.Hg.
(2) Cerebral hemorrhages and hemorrhages in other organs (Table II) Hemorrhage in organs other than the brain was not infrequent in the cases with cerebral hemorrhages and was found even in cases without cerebral hemorrhages.
(3) Cerebral hemorrhages and blood pressure ( Fig. 3) (Table III) The animals which developed cerebral hemorrhages died mostly within 50 days after the final operation. The longest survival was 389 days. These animals showed a minimal, moderate or marked elevation of the systemic blood pressure. The incidence of cerebral hemorrhages was more frequent in the group showing hypertension above 130mm.Hg than in the group with blood pressure below 130mm.Hg. The incidence of gastrointestinal hemorrhages, however, was not different in the 2 groups. (4) Cerebral hemorrhages and fibrinoid necrosis of the small arteries and arterioles in the brain and other organs (Table IV) Fibrinoid necrosis of the small arteries and arterioles in the brain was demonstrated in 20 of 21 cases with cerebral hemorrhage. In these cases, fibrinoid necrosis was also frequent in other organs: the gastrointestinal tracts, heart, liver and suprarenal gland.
Jap. Heart J. September, 1964 Fibrinoid necrosis was also frequently observed in the small arteries and arterioles in the brain and other organs, even in cases without cerebral hemorrhage. Fig. 4 shows fibrinoid necrosis of the meningeal small artery in an animal with massive cerebral hemorrhage. Fibrinoid substance is deposited in the wall of the vessel, destroying the normal structure (elastica trichrom stain). Fig. 5 shows fibrinoid necrosis of the arterioles in the right ventricle of the heart. (5) Blood pressure and fibrinoid necrosis of the small arteries and arterioles (Table V) Similar incidences of fibrinoid necrosis were noted between the markedly hypertensive group (above 130mm.Hg) and slightly hypertensive or normotensive group (below 130mm.Hg) in the small arteries and arterioles in the brain, gastrointestinal tract, heart and liver.
DISCUSSION
Cerebral hemorrhage is one of the most important causes of death in hypertensive patients in Japan.12) Throughout the world, however, there have been only a few studies of the pathogenesis of cerebral hemorrhages. Among the experimental studies of cerebral hemorrhage, Winternitz (1941)7) produced cerebral hemorrhage by injecting the extract of testis in bilaterally nephrectomized dogs. In experimental renal hypertension, several investigations9)-11) observed cerebral hemorrhages. Necrotizing changes of the arterioles were considered the primary lesion which subsequently led to cerebral hemorrhage in human hypertension. Matsuoka2) and Okinaka et al.13).14), 3) clearly demonstrated this sequence of events in experimental hypertension as well as in autopsied material of human hypertensives.
In experimental renal hypertension, there has been a discrepancy between the incidence of fibrinoid necrosis in the small arteries and arterioles and the degree of elevation of the blood pressure. This discrepancy might be due to the difference in the grade of the narrowing of the renal arteries, or to the presence of 2 independent factors which separately caused the fibrinoid necrosis and the high blood pressure. We have chosen the shape of the clamp in order to regulate the grade of narrowing of renal arteries with good reproducibility. Moderate narrowing of the renal arteries seemed to be important in the development of cerebral hemorrhage. Cerebral hemorrhage was frequent in the markedly hypertensive animals. The high blood pressure J ap. Heart J. September, 1964 seemed to accelerate the rupture of the small arteries with fibrinoid necrosis and to augment the incidence of cerebral hemorrhages.
The fact that fibrinoid necrosis occurred in the vessels in the brain as well as in other organs might indicate that fibrinoid necrosis in the brain represents one of the manifestations of generalized and systemic vascular lesion in the whole body. The incidence of fibrinoid necrosis of the vessels was fairly frequent in animals without cerebral hemorrhages but not quite as frequent as in animals with cerebral hemorrhages. Moreover, the appearance of fibrinoid necrosis seems to be independent of the grade of high blood pressure. These findings suggest that the primary factor responsible for cerebral hemorrhage is the fibrinoid necrosis in the small arteries and arterioles in the brain and not the high blood pressure itself, although hypertension may accelerate the rupture of the vessels with the fibrinoid necrosis.
As a matter of fact, the occurrence of fibrinoid necrosis seems to be intermittent for the following reasons. In a long-lived animal with a high blood pressure, lesions of fibrinoid necrosis were found in both the acute and chronic forms, some of which seemed to shift to hyalinization. The incidence of fibrinoid necrosis appears to be higher in animals which died spontaneously than in animals which were killed artificially.
Some investigators have suggested that the fibrinoid necrosis might be a secondary phenomenon, caused by high blood pressure,14), 15) especially high diastolic pressure. Our data have failed to support this concept and strongly indicates the independence of these 2 changes. It is most likely that 2 separate factors produce the fibrinoid necrosis and the high blood pressure independently, although the cause of the fibrinoid necrosis of the vessels is still obscure.
SUMMARY
Using rabbits, massive cerebral hemorrhages were produced in 31 of 74 animals (41.9%) which underwent Goldblatt's type of experimental renal hypertension.
Fibrinoid necrosis of the small arteries and arterioles in the brain was observed in the animals with and without cerebral hemorrhages. Fibrinoid necrosis of the cerebral vessels seems to be the primary pathogenetic vascular lesion for cerebral hemorrhages and for rupture of the cerebral vessels with fibrinoid necrosis which rupture caused massive cerebral hemorrhages. Fibrinoid necrosis of the cerebral vessels appeared to be one of the manifestations of the generalized vascular lesions in the whole body.
High blood pressure augmented the incidence of cerebral hemorrhages.
Fibrinoid necrosis of the vessels in the brain and other organs, however, was frequently observed in slightly hypertensive as well as in markedly hypertensive animals.
Therefore, the occurrence of fibrinoid necrosis and high blood pressure are considered to be due to 2 different factors.
